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Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. reactor shield (Fig. 1) . Fast neutrons at this higher flux density are also available to the cooperator. An additional facility available to the program is the array of kilocurie gamma sources in the Nuclear Engineering Department of Brookhaven National Laboratory.
Approximately 150 scie~tists have perfonned more than 700 experiments over the past 10 years on approximately 70 different plant genera.
Geographically, 45 states and 37 foreign countries are represented in the program.
RESULTS
A graphical representation of treatments for United States and foreign cooperators is seen in There are many reasons for these patterns of usage; however, the major accountable factor is unquestionably the Widespread development of radiation facilities--for example, approximately 6o reactors have been placed in operation throughout the vorld since 1950, not counting the 130 reactors in the United States. 5
Other nuclear facilities are available, such as gamma sources which are in all probability being used in increasing numbers by biologists.
The most current listing has approximately 30 gamma irradiation facilities 6 in Japan for public use.
The United States and Canada, at the present time, have 50 1 such facilities available for research.7
Although the number of experiments is lover, the experiments being conducted are probablY better planned and more conscientiously e~ed than many of those undP.rtaken during the earlier years of interest.
In the course of the past ten years of the program, many plant species vere irradiated With X rays, thermal and fast neutrons, and g8JIIIII8 rays. A partial list of the species irradiated with X rays and thermal neutrons is g1 ven in Table II With the aid of X rays. 18 However, tarter and Elliot 19 evaluated the chromosome breaking ability of X rays, thermal neutrons and radioisotopes {p 32 and s 35) , and found that neutrons yielded the best transloc.ation-su~vi val index.
The reason X rays have been used in these earlier experiments and neutrons to a lesser degree is related to the relative availability of these different radiations. The availability for use of an X-ray machine or a gamma ray emitting source to a plant scientist is much greater than a neutron source. all investigations engaged in chromosome transfer studies, but they do point out that ionizing radiation as a tool is very useful for microsurgery experiments. We would like to suggest fUrther that.neutrons be used because they are more efficient chromosome breakers and, therefore, are the radiation of choice when chromosome manipulation is desired.
At a higher degree of plant organization there are induced tissue 21 22 alterations in the form of chimeras ' and regeneration or reorganization studies 2 3-2 5 of the radiation damaged shoot apices. It is the opinion of some investigators that ionizing radiation promises to be a useful tool altering and studying chimeras which are frequ~ntly observed among fruit plants. It is urged that more work of this type be attempted w1 th neutrons.
22
In one study by Bishop, thermal neutron treatments produced 42 per cent more sectorial color changes in apple than exposure to X rays.
In consideration of mutagenic agents, the investigator is confronted with another problem which bas not been satisfactorily answered and probably will not be for many decades to come, namely the comparison of the incidence (frequency) and type {spectrum) of mutations or changes produced after treatment with various types of radiations. Recently, and a by-product of the efforts in experimentally produced mutations, originally promoted by radiation studies, there has been a search for other mutagenic agents. It has been suggested that chemical mutagens act on higher plants 26-28 with greater efficiency than do any of the ionizing .radiations. In the cases of big cotyledons and yellow-green chlorophyll deficient, X rays and thermal neutrons were equal in effectiveness; however, neutrons were three times as effective as X rays in the frequency of occurrence of brilliant yellow and six times as effective in the case of white plumule.
Kim ~ !!.!• report that neutrons were more ertec'tive than X rays ' 30 31 in mutation production in Chinese radish. Burton This question of outcrossing bears on the interpretation of the newly released varieties. They are from experiments initiated before the problem was generally realized and it is possible that at least some may be due to radiation-induced sterility rather than radiation-induced mutation.
The plant breeder must, in many cases, restrict himself to the practical matters at hand. ile has a responsibility to develop new varieties to meet· the constantly changing requirements of modern agriculture. He cannot turn aside tram such immediate problems to fully explore theoretical aspects of his work or to so design his experiments (if by so doing he increases the burden of his work unnecessarily tram the standpoint of his primary practical -11-objectives) as to get the maximum theoretical information from them. It therefore seems unlikely that the experiments from ~ich the new varieties were derived will ever be exactly repeated, under conditions of' isolation, so that one would be able to determine whether outcrossing or mutation was the causative process. To the plant breeder this information is perhaps not as important as the tact that he did get the varia'bili ty he was seeking and that he was able to stabilize it in a new variety.
SUMMARY
In summ.arizing the past 10 years of' the cooperative mutations program and adjunct mutation breeding, at least four major concepts and/ or approaches related to the use of' mutagenic agents in plant breeding have evolved.
1. Outcrossing between treated and nontreated populations must be reckoned vi th and consequently the two populations should be separated bef'ore a true measure of mutation induction can be ascertained.
Chromosome rearrangement studies have proven to be usef'ul
with particular emphasis on inducing disease resistance.
3· Work concerned with tissue reorganization and rearrangement as related to ehimer~ production and basic understanding of' tissue ontogeny, particularly with truit crops and horticultural crops is pranising.
The eff'ectiveness of responses of plant tissues to neutrons
and other mutagenic agents is extremely variable and more basic work is needed before the tull potentialities of mutation breeding as a tool in crop improvement can be appreciated.
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In closing, the eight newly released varieties are no longer mere curiosities of tbe interplay between nuclear energy and agriculture but evidence that mutation breeding, utilizing a variety of mutagens, is w1 th us for years to came •.
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